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9. The magnilvde error in sound mnging.--let us 
in which the time is given 

G lies on one hranch of a 
Let a be the semi- 

erbola and let AB=%, then the 
the origin is taken at 0, 

consider the reduce 
for two stations A 

If the tunes vary slightly on account of errors in timing, 
while A and B rem& fixed, a variea and the hyperbola is 
changed mto a confocal h erbola while the incrementa 
of z,y,O, are connected by T t e relation 

The total displacement of (f is least when 

and then 

If, on the other hand, & = O ,  we have 

To get an idea of the magnitude of these quantities let us 
take the case when Z = 2az, 

If V=l,lOO feet a second, an error in timing of l / l o O  
second may mean an error in 20 of 1 1  feet. 

The following table then gives the magnitude of the 
error in ranging for different values of the ratio y :e. 

TABLE 2.-Maqnitu.de o/ error in ranging. 

y:e 

Feet. 
ut 
55 

101 
816 

When the wind is blowing, the pointa A and B are dis- 
placed slightly from their true positions on account of 
the error in tim' but if the wind velocit is as large aa 

1/100 second in timing is only 2 feet. 
Let us now eatimate the magnitude of the error intro- 

duced when the asymptote of the hyperbola is used 
instead of the hyperbola. Since the equation of the 
asymptotes is 

20 feet B second%e displacement caused 3: y an error of 

we find on subtracting from (8) that 2ydy-8-az. 
Writing cz = 2az as before, we find that if AB = 2c - 1,000 
feet, y -  10,000 feet, dg(=6f feet. 

The error introduced by using the asymptote of the 
circular cubic, in the method in which the velocity of 
sound is eliminated, is more difficult to determine; it is 
probably larger than in the caae just discussed but still 
not large enough to be important. 

To get some idea of the error in time arising from the 
circumstance that sound may travel through the upper 
air instead of alo a horizontal path, let us consider the 

sound increases upward. The range is now given by 
the formula 

simple case in whc 5 there is no wind and the velocity of 

&% d 
6 

Taking u - 0.04, t -- 10 seconds, we have 

e-0.2, 2 sinh $==0.20134, R-55,OOO x0.20134, 

R --tm50X0.00134 -0.067. 
v o  

The difference in time is thus about 7/100 second in a 
range of about 2 d e s  and may cause a serious mor in 
sound rangin if no attention is paid to the effect of the 
meteorologica 9 conditions. 

YEAN VALUES OB FBEE-AIE BABOYETBIC AND VAPOB 
PRESSWES, TEMPEBATWES, AND DENSITIES OVEB TEE 
U-D STATES. 

By W m  RAY GREW, Meteorologkt in Charge. 

Although numerous free-air observations have been 
made, and are being made, in different parts of the 
United States, mean values of certain reduced data have 
thus far not been published. Temperature, humidity, 
and wind data, as observed at Mount Weather, Va., have 
been summarized in the Bulletin of the Mount Weather 
Observatory 1913,.v. 6, pts. 4 and 5, and similar sum- 
maries of ofkenrations by means of sounding balloons 
at different points in this country have been resented 

WEATHER ~ E Y I E W ,  July, 1914, and May, 1916. A 
System of Convection" by 

br. (now Major) Wm. RTlair a eared in the MONTHLY 

in the latter paper were based on all available free-air 
observations made in the United States and in other 
parts of the world. More recently a brief summary, 
with special reference to the needs of aeronauts, has been 

repared by Maj. W. R. Blair and published by the 
kational Advisory Committee for Aeronautics as Re- 
ort No. 13. None of these summaries has included 

kee-air pressures and densities. As a knowled e of these 

and the iinn of projectiles, it has been thought best 

determined from all available observations thus far 
made by the U. S. Weather Bureau in t.his countr . 
tional stetions which are now being established. 

Table 1, below, gives mean monthly, seasonal, and 
annual free-air pressures, temperatures, va or pressures, 
and densities as observed at Mount beather, Va. 
Pressures and vapor pressures are expressed in both 
metric and dynamic unib, temperatures on the centi- 
grade and approximate absolute (273+ t"C) scale, and 

[Dated: Divlslon of AsrologiOaI Invertlgatlons, Weather Bureau, Jan. 31,1818.1 

in the same ublication, v. 4, pt, 4, and in the g, ONTHLY 

WEATHEX REVIEW, April, 1916. p& e conclusions reached 

aper on "The Planet 

data is of great importance in connection wit % aviation 

to publish in B rief tabular form their average values as 

At a later tiine similar tables will be furnished for ud d i- 
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m. o 
5OU 
538 

lo00 
15M) 
2ooo 
2500 
3ooo 
3500 
4000 
4500 
JMW) 

densities in percentages of standard density (dry air at  
760 mm. pressure, 0’ C., and latitude 4501 = 1.293 kgm. 
per cu. m., approximately) and in kilograms per cubic 
meter. The tem eratures have been published in the 

and are repeated here for convenience in consi erin 

on five years’ observations. The pressures are based on 
three years’, and the vapor pressures on one year’s 
observations. The vapor pressures are given only to 3 
kilometers, observations at hi her levels bein too few 
in number to be accepted as J iable means. A e values 
in the first column under “Density” have been com- 
puted from the formula 

Bulletin of the 2 ount Weather Observat,ory, v. 6,8t ,  4, 

them in connection with the other data. They are base f 

mm. ‘ I&. OC. 0.4. mm. 
ntb. rhOl tg./eltG 761.2 i 1014.9 - 0.2 272.8 2.06 2.79 

718 7 958.2 - 1.3 271.7 2.06 2.75 94.9 1.m 
716:5/ 955.3 - 1 . 3  271.7 2.06 2.75 94.6 1.224 
675.11 w10.1 - 2 . 0  271.0 1.98 2.64 89.4 1.166 
634.91 846.5 - 2 . 9  270.1 1.80 2.40 84.3 1.081 
595.2,  793.6 - 1.0 2 8 . 0  1.67 2.B 79.4 1.027 
559.11 745.5 - 5 . 7  267.3 1.42 1.88 75.1 0.971 
524.3 699.1 - 8 . 2  M . 8  1.10 1.47 71.1 0.919 

*439:9 I *596.5 -16.4 256.6 .................. *61.6 *0.796 

m a ;  w . 7  -10.9 asa.1 .................. 67.4 0.871 
4820 tii13.0 -13.n 258.4 .................. 64.0 0.m 

......... , ......... -19.4 253.6 .................................... 

x K, b - 0.378e 
P’ T 

0 
500 
526 

1wO 
1500 
zoo0 
2500 
aoa, 
9500 . 4000 
4500 
5Ooo 

in which 
p =density, 

b and e= barometric and vapor pressures, respective1 
T- approximate absolute temperature (273 + t o w :  
K= a constant, depending upon the conditions of 

pressure and temperature that are accepted as standard, 
viz, 760 mm. pressure and 0’ C., or K = 0.35921. 

The values in the second column are obtained by multi- 
lying those in the first column by 1.293 kgm. er cu. m. 

estimated by estrapolatlon. In corn uting densities 

based on those in Table 3, have been used. The correc- 
tion due to vapor pressure at these altitudes is, how- 
ever, small. 

For the convenience of those who prefer these values 
in English units Table 2 has been pre ared. In this 

Fa L I  en eit degrees and densities in percentages of 
standard density (dry air at 29.93 in. ressure, 32’F., 
and latitude 45°,=0.08071 lbs. per cu. ftJand in pounds 

!alum at sealevel and at an-altitude of 500meters K ave been 

above 3 kilometers estimated values o P vapor pressure, 

table altitudes are ex ressed in feet, K arometric and 
va or ressures in inc K es of mercury, temperatures in 

762:O 
717.5 
7W.5 
674.1 
682.8 
5613.7 
558.0 
523.7 
491.6 
468.3 
434.5 ........ per cubic foot. 

and 2, respectivel 
Tables 3 and 4 give data similar to those in Tables 1 

but are based on sounding balloon 
observations at I? ort Omaha, Nebr., IndianaDolii, Ind., 

4.93 
4.19 
4.13 
3.46 
2.75 
2.14 
1.43 
0.89 

254.9 
I I I I 

Huron, S. Dak., and Avalon, Cal. . These observations 
are too few in number to give reliable monthly means, 
but the seasonal and especially t.he annua! means me 
considered fairly re resentative of conditions in the 

It should, of course, be understood that the figures 
published in all of these tables are not strictly average 
values, as they are basedfor the most part upon observa- 
tions made in the da tme. The tern eratures in trhe 

and the densities therefore slightly lower. In general 
they may be said to represent very closed daytime con- 
ditions u to about 2,000 meters (1) mifa) above sea- 
level m$ both day and night conditions at higher 
altitudes. 

Table 5 presents the mean annual atmofjpheric pres- 
s~&, tem eratures, and densities at vanous htughta 

published by Ca t. H. T. Tizard, . F. C., in The Aero- 
nautical Journz AprilJune, 1917, page 109, and oon- 
t a b  “the mean results of a long series of actual obser- 
vations made by Mr. W. H. Dines, F. R. S.” 

Central and Western % tates. 

lower levels are-somew i at higher than t% e 24-hour means 

B above ma Q eve1 as observed in En land. This table was 

6.57 97.5 1.261 
5.58 93.8 1.100 
5.51 92.5 1.195 
4.61 87.9 i.im 
3.67 83.2 1.076 
2.G 78.8 1.018 
1.91 74.0 0.W 
1.19 70.8 0.916 .................. 67.3 0.870 .................. 83.9 0.8m .................. 60.7 0.785 .................. 58.4 0.766 

For convenience of comparison the annual values of 
density, given in Tables 1, 3, and 5 are presented in 
Table 6. This table shows that, at low altitudes, hqher 
densities obtain over England than over’the United 
States. The former are. not corrected for vapor pressure, 
but this correction would be small. The difference is 
due mainly to the lower tem eratures in England. At 

far &s is known to the writer freeair densities have not 
been published for other countries, and further com- 
parisons are therefore not possible at this time. 

Much assistance in the pre aration of Tables 1 to 4, 

of this division. 

TABLE 1.-Meanfiec-air pwaurea, lemperatuzes, vapor preaaurea, and 
densities, aa obamcdat Mount WcatJlcl, Va. 

January. 

altitudes above 3 kilometers t R e agreement is close. So 

inclusive, has been rendered \ y Mr. William S. Cloud, 

n 13.9 286.9 7.92 
’ 10.1 2119.5 1 6.68 

10.4 283.4 6.62 
1.4 280.1 5.48 
4.6 277.6 I 4.52 
1.7 271.7 i 3.63 

- 3.6 289.4 j 2.17 - 6.7 X 8 . 3  ........... 
- 0.9 2 n . i  2.85 

A%%? I Pressures. I Temperatures. 1 Vspor pressures. 1 Densitlea. 
M. 8. L. 

- 9.7 
-13.0 
-16.0 

263.3 ‘.........I.. 
260.0..........1.. 
257.0 ..........I.. 

1016.0 
955.6 
954.0 
898.8 
w3.7 
791.6 

808.3 
655.5 
617.7 
579.3 

744.0 

........ 

Pebruary. 

1.1 - 0.7 - 0.8 - 2.4 - 3.4 - 4.8  - 6.8 - 9.0 
-12.0 
-14.8 
-17.7 
-21.1 

I I 

March. 

761.0 
718.6 
716.2 
076.5 

598.5 

528.6 
496.1 I 464.8 

402.2 I * 362.8 

I 433.8 

1014.6 
958.1 
954.9 
902.0 
848.6 
798.0 
750.0 
704.8 
661.5 
619.7 
578.4 
536.3 

e483.7 
I....... . 
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AlUtltudea 
above 
M. 8. L. 

TABLE 1.-Mean @-air aturea vapor presaczes, and 
dcnritiea, Q. o b w + v $ ~ ~ ~ d m ~ h l  ~a.--Continued. 

Preasurer. 

TABLE 1.-Mean f i e -  t e r  a t w s  , v ? a . ~  va 01 preasww, and 
den&-%, as ob at Mount sather ntmued. 

October. 

Vapor pressures. 

May. 

Densitlea. 

~- 

Densitlea. 

i 

Altitudes 
above 
M. S. L. 

Pmwures. 

m. 
0 

500 
526 

1000 
1500 

w)o 
3wo 
35ml 
4000 
4600 
Woo 

Moo 

moo 

doao 

Temperatures. 

mm. mb. 
760.3 I 1013.6 
718.7 858.2 
716.4 935.2 
677.6 803.4 
888.4 851.2 

565.5 754.0 
591.v m.9 
499.9 666.5 
468.5 6U.8 
438.6 584.9 
4W.6 L 6 . 1  

ot.0 801.3 

asz.9 4m.5  . . . . . . . . . . . . . . - . . 

Temperatures. 

M. 
15.08 
12.53 

9.99 
7.44 

3.77 
2.91 

12.10 

5.313 

...._... _..._.__ ......__ ._.__.._ ........ ..._.... 

vapor pressures. 

% wy1E 92.4 
88.5 1.145 

94.6 1.094 
80.8 1.W5 

73.3 0.948 
89.7 0.m 
66.3 0.558 
62.9 0.813 
59.7 0.771 
56.6 0.732 
50.0 0.647 

88.a 1.142 

77.0 0.998 

......... ........- 

m. 
0 

500 
526 

1000 
1500 aooo 
a500 
3000 
35M) 
4000 
4500 
5ooo 
Boo0 
1ooo 

- 
*A. 
293.9 aoo. 1 
290.0 
286.4 m. 9 
218.6 
276.5 
273.5 
270.4 

258.9 
253.5 
247.9 

E:: 

- 

mm. mb. 
761.2 1014.9 
730.3 880.4 
717.b 9513.6 
677.9 903.8 
640.5 854.0 
800.7 800.9 
565.0 753.3 
531.4 705.5 
496.7 w.9 
469.0 625.1 
439.7 588.4 
411.4 548.6 

r389.3 *492.5 . . . . . . . . . . . . . . . . . . 

- 
mb. 
13.91 
12.07 
11.00 
9.30 
7.77 
6.23 
6.20 
4 . n  . . . . . . . . 

. . . . . . . . ..- ..... . . . . . . . . . . . . . . . . .-.-.... 
- 

% 
94.6 
90.4 
90.1 
86.0 
31.9 

73.2 
89.5 
66.1 
62.7 
59.4 
56.3 

77.2 

~ 1 . 8  

-I 
;Lq./w.m. 

1.1)19 
1.169 
1.166 
1.112 
1.068 

0.946 
0.m 
0.854 
0.811 
0.768 
0.728 

0.860 

* o ~ m  

- 
8 e. m. 9 
17.1 
17.0 
13.4 
9.9 
6.6 
3.5 
0.5 - 2.6 - 5.7 - 9.1  

-13.1 
-19.5 
--3.1 - 

296.2 
292.9 
292.7 
289.7 
288.7 
ZS.8 
aal.0 
278.1 
274.9 
271.6 
288.1 
265.3 

- 
mm. 
11.32 
9.40 
9.80 
7.49 
5.53 
4.02 
a. 88 
2.18 . . . . . -. . . . . . . . . . . . . . . . . -. . . . . . - . . -. ..-.... - 

14.30 19.07 
12.00 16.00 
11.88 15.84 
9.70 1 2 . 1  
7.41 9.08 
5.63 7.61 
4.02 5.36 
2.90 3.87 . . . . . . . . . . . . . . . . . . __....._. __._..... .-....... ......... ......... ._.. ..... 

- 
mm. 

9.68 
8.30 
8. a5 
6.98 
5.83 
4.67 
4.65 
3.20 . . . . . . . 

. . . . . . . ...-... . . . . . . . . . . . . . . -...... 
-- 

0 

526 
1000 
lSo0 m 
a500 
3000 
3500 
4000 
4500 
5M)o 
8ooo 
7000 

500 
759.0 1012.0 

716.4 955.2 
678.4 904.0 
610.1 653.4 
809.2 804.2 
588.1 757.5 
535.4 713.9 
503.7 671.6 
474.0 632.1 
444.3 592.5 
417.8 557.2 

r372.0 *496.1 

n 7 . 8  957.0 

.-....... - ........ 

299.6 17.05 
296.0 I 13.87 
295.8 13.74 
292.3 10.91 
288.9 8.54 
2R5.7 6.28 
383.7 4.62 
m.8 3.04 

273.1 .....___. 
288.8 ..-...... 
266.7 ......... 
m.9 ......... 
255.1 ......... 

we. 6 . . -. . . . . . 

22.73 
18.49 
18.32 
14..55 
11.38 
8.37 
6.02 
4.05 . . . . . . . . . .._...... ......... ......_.. .._...... ......... .. 

90.2 
86.5 
86.4 
62.9 
79.2 
75.5 
72.0 
68.6 
65.3 

59.1 
56.2 

*51.2 

62. a 

. . . . . . . . . . 

780.0 
718.1 
i l6 .2  
678.5 
636.6 
588.7 
562.7 
526.9 
497.0 
466.0 
436.1 
408.8 

C357.8 

1013.8 
957.4 
954.9 
902.0 
SlB8 
798.2 
750.3 
705.2 
662.7 
621.3 
581.5 
545.1 

w77.1 

287.0 1 7.91 1 10.55 
2sll.i 6.62 8.83 
263.1 6.56 B i 5  
280.8 1 5.39 7.19 
2i8.2 4.25 5.88 
2i5.6 3.26 1.35 
273.0 2.39 3.18 
270.2 1.78 2.37 
267.2 .....__.. ..._..... 
284.2 ......... ......... 
260.9 ....._..- ......_.. 
257.5 I .....__.. .._...... 
250.9 ......... ..-...... 
244.6 I ...____.. 1 ....._... .. 

762.3 
n a 2  
717.7 
Oi9.S 
640.9 

869.4 
536.3 
504.5 
474.9 
446.0 

B(w.8 

......... 

1016.4 
880.2 
RW.9 
906.1 
854.5 

759.2 
715.1 
672.7 
893.3 
594.8 

805.7 

......... ..-............... 

20.35 
15.62 

11.51 
8.99 
8.63 
4.73 
3.48 

15.59 

........_ ,........ 

..-...... ......... 

27.13 
21.09 

15.35 
11.99 
8.84 
6.30 
4.64 

10.78 

......... ._....... ................._ ......._. ._..._... 

90.9 
87.1 
86.8 
83.3 
79.4 

3: 
68.7 
65.3 
62.2 , 59.a 

1.175 
1.126 
1 . 1 9  
1.077 
1.027 

0.932 
0.1188 
0.845 
0.604 

0.97~ 

0.785 #.................- .................. 

17.14 

13.58 
10.88 
8.24 
6.14 
4.31 
3.10 

13.76 

I .  . . . . . . . 

P . 8 5  

18.10 
14.21 
10.98 
8.19 
5.74 
4.13 

is.% 

................. 
I - - - - - - - - -  

.._.._.. 1:: ....... . 

7Ba.6 
721.0 
718.5 
679.8 
641.5 
604.1 
669.0 
535.8 
504.4 
474.7 

417.4 
444.9 

,....... 

1016.8 
961.3 
958.0 
wW.4 
855.3 
805.4 
758.7 
714.4 
6725 
633.0 

566.6 
w.a 

......... 

295.5 15.21 
292.2 12.68 

m . 1  10.16 
ase.5 8.47 
234.4 5.76 
262.0 4.82 
279.2 3.98 
276.1 ....._._. 
273.8 ......... 
288.3 ......... 
266.4 ......... 
281.9 ......... 

m.0 14.50 

21.26 I 
17.91 

13.54 
11.29 
7.68 
6.43 
5.31 

lam 

....._... ......... ......... ......... ......... .. 

pa. 0 
88.0 
87.8 
84. 0 
80.3 
76.0 
72.2 
68.7 
65.5 
62.4 
59.2 
56.2 

, . . . . . . . . . 

0 e. 
14.8 
11.9 
11.7 
9.0 
7.1 
5.5 
3.5 
1.0 - 1.9 - 4.7 - 7.5 

-10.9 
-17.2 
-26.0 ........I ......._. 

June. - November. 

0 
500 
526 

1oM) 
1500 moo 
WIO 
Boo0 

1ooo 
4500 
5OOo 

. am 

1 . m  
1.132 
1.129 
1.080 
1.030 
0.Qm 
0.934 
0.888 
0.846 
0.808 
0.767 
0.719 

1016.0 
958.5 
954.8 
900.8 
846.5 
795.3 
746.8 
701.5 
658.0 
619.8 
580.9 
544. 2 

1. !Xi7 
1.198 
1.191 
1.136 
1.076 
1.017 

0.912 
0.865 
0.825 
0.7113 
0.742 

n. 9ez 

97. 2 
92.6 
92.3 
87.8 
83. 2 
78.6 
74.4 
70.6 
66.9 
63.8 
80.5 
57.4 

91.4 
81.5 
87.3 a, 5 
79.7 
75.9 
72.2 
68.7 
65.4 
62.3 
59.8 
56.4 

758.9 

716.0 
677.5 
885.7 
601.6 
566.5 
533.1 
501.6 
471.6 
443.2 
416.5 

n s .  1 
1011.8 
957.4 
954.6 
9M. 3 
851.6 m. 1 
755.3 
710.8 
666.8 
828.9 
590.9 
555.4 

23. 2 
19.9 
19.7 
16.7 
9 . 7  
10.8 
8.0 
5.1 
1.9 

-1.5 
-4.9 
-7.7 

763.0 
718.9 
716.1 
675.6 
n34.9 
596.5 
560.1 

493.5 
464.9 
435.6 
408.1 

538.1 

7.9 
5.2 
5.1 
2. 8 
0.7 - 0.9 - 2.9 - 5.5 - 8.3 

-11.4 
-14.5 
-17.5 
-!B. 0 .-----I . . . . . . . . . 

December. July. 

I I I I I I I I - 
99.4 
94.4 
94.1 
89. 2 
83.9 
79.1 
74.8 
70.8 
67.3 
63.7 
60. 4 

c56.3 - 

1.167 
1.118 
1.117 
1.072 
1.0% 
0.977 
0.930 
0.887 
0.815 
0.805 
0.764 
0.727 

*O.W 

782.2 
71s. 2 
715.9 
674.8 
633.2 
594.4 
557.8 
522.9 
491.3 
480.8 
431.4 

s397.5 - 

1016.2 
957.6 
954.5 
889.3 
844.2 
792.5 
743.7 
697. 2 
855.1 
614.5 
575.3 

r530.1 - 

2. 0 - 0.2  - 0 . 3  - 1.9 - 2.6 - 3.7 - 5.6 - 8.1 
-10.9 
-13.6 
-16.7 
-19.4 - 

275.0 
272.8 

271.1 
2iO. 4 
269.3 
si. 4 
284.9 
262.1 
259.4 
m . 3  
233.6 

zia. 7 

- 

4.18 
4.07 
4.07 
3.92 
3.58 
3. 09 
2.40 
1. e8 . . . . . . . . . . . . . . -...... ._..... - 

5.57 
5.43 
5.43 
5. 23 
4.77 
4. 12 
3.20 
2. 21 . . . . . . . -....._ ._..... . . . . . . . 
- 

1.285 
1.110 
1.217 
1.159 
1.085 
1.023 
0.967 
0.918 
0.870 
0.814 
0.781 

*0.727 

N.6 
23.0 
9. 8 
19.3 
15.9 
12. 7 
9.7 
6. S 
3.5 
0.1 - 3.2 - 6.3 

-17.9 
-la. 1 . . . . . . . . 

Sprlng. 
August. 

1.225 
1.171 
1.170 
1.116 
1.080 
1.007 
0.958 
0.908 
0.863 
0.818 
0. ne 
0.78'1 

*O. mz 

- 
2.5. a 
21. 5 
21.7 

18.3 
15.3 
12.5 
9.8 
6.8 
3.8 
0.7 - 2 7  - 6.8 

-16. 2 

- 
ma 
294.7 
294.5 
271.3 
288.3 
285.5 m. 8 
218.8 
276.8 
273.7 no. 3 
266. 2 
256.8 

14.0 
10.8 
10.7 
7.8 
5.2 
2.6 

- 2.8 - 5.8 - 8.8 
-12.1 
-15.5 
-22. 1 
-28.4 

ao 

94.7 
80.6 
90.4 
88.3 
82.0 
77.9 
73.9 

88.7 
63.3 
BO. 0 
57.0 

551.2 

70. 2 

I ................. I ........I.. . . . . . . . . 
Summer. - 

1.173 
1.1% 
1.123 
1.076 
1.027 
0.979 
0.932 
0.887 
0. BU 
0.806 
0. '165 

*0.666 
a m  

. . . . . . . . - 

- 
ass. 0 
W. 6 a. 4 
291.2 
288.1 
284.1 m. 3 
279.4 
736.2 
272.9 
209.6 
266.6 
259.5 
253.7 

- 
80.7 
m.9 
86.8 
83.2 
79.4 
75.7 
72.1 
68.6 

63. 2 
59. 2 

* 61.5 

&a 

M. a 
- . . . . . . , 

- 
1.190 
1.138 
1.135 
1. OSB 
1.038 
0.983 
0.934 
0. as9 
0. SI6 
0.808 
0.766 
0.7.26 ....... 

758.9 

116.7 
11s. o 

1011.8 
957.3 
955.6 
W. 6 
855. 2 w. 0 
757.3 
713.2 
671.1 
631.3 
583.7 
556.3 * 496.0 

35.0 
21.6 
21.4 
18.2 
15.1 
12. 1 
9.3 
6.4 
3.2 - 0.1 - 3.4 - 6.4 

-13.5 
-19.3 

22.5 
19.2 
19.0 
16.1 
13.5 
11.4 
9.0 
6.2 
3.1 - 0.2 - 3.7 - 8.8 

-11.1 

473.5 
444.5 
417.2 

*372.0 
I ....._.. [ ......... 

*Baaed on few observatlons; figures not regurded as rellable. 
~~ 

lrBased on few observations; flgurea not regsrded BS reliable. 
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'F. 
34.0 
32.0 
30.0 as. 2 
!2&8 
!&7 

TABLE l.-Meanjhe-air paum,  tem matures, va or presawes, and 
densities, aa observed at Mount d a b ,  Va.-8onhnued. 

T h m E  2.-Mcan fiee-air pres8ure8, iemperatnres, vapor preamWe8, and 
densities, as observed at Mount Wmther, Va. (E)nglhh mcanuur)-Con. 

I M U .  
0.13 
. l l  
.09 
.08 
.07 
.07 

Pcbruuy. 

D d t i s s .  

% 
94.6 
80.4 
80.1 
85.9 
81.6 
77.2 
72.9 
69.6 
a 0  
Bz.8 
58.6 
58.6 

*51.8 

Pall. 

I 

kg./m.m. 
1.223 
1.188 
1.164 
1.111 
1.056 
0.998 
0.943 
0.888 
0.854 
0.813 
0.771 
0.731 

*0.670 

23.91 
23.02 
22.16 
21.30 m. a 
19.70 

24.3 0. m 81. 1 
22.5 .05 7% 4 
P. 5 .a4 7s. 8 
18.0 .03 73.2 
1 5  3 .03 70.8 

12.2 .............. 0 . 6  

765.0 
7pO.O 
718.0 
674.6 
633.6 
694.4 
558.3 
523.6 
491.6 

435.3 
5397.5 

a . 0  

1mo.o 0.7 
W.0 - 0.7 
957.3 - 0.8 
699.4 - 2.1 
844.8 - 3.0 
792.b - 4.2 
744.4 - 6.0 
898.1 - 8.4 
655.6 -11.2 

580.4 -16.8 
*530.0 I -19.7 

616.0 -13.9 

273.7 
272.3 
272.2 
270.9 
270.0 

287.0 
264.6 
261.8 
158.1 
256.2 
253.3 

2w.s 

3.18 4.24 
3.88 3.85 
2.87 3.m 
2.54 3.39 
2.24 2.99 

1.58 2.10 
1.21 1.61 

2.03 a.71 

.................. .................. .................. .................. 

loo. 2 
94.8 
94.6 
89.3 a. 2 
79.3 
75.0 
71.0 
07.4 
64.0 
01.0 I 

!E 
8M10 oooa 

loo00 

110(10 
11000 

luloo 
16000 

23.98 30. 0 Bo. 2 0.- 
.a20 
.ow7 22. 24 m. 1 .m 75. a 

72.8 . w 7  
m.6 .om 10.83 l a 5  ! 

19.87 17.4 .............. 68.4 a m  
19.10 14.4 ............... 60.2 .oss4 .............. .OS17 ............... .@!io2 .w 
18.35 11.1 

7.7 
17.08 4.1 .............. 6a5 
17.67 

23. 09 28.6 i 

21.41 23.4 
286.7 8.62 
284.0 7.23 
263.9 7.14 
2Rl.4 5.87 
2'18.2 4.55 
2i7.0 3.00 
274.7 2.80 
272.0 2.15 
269.0 

2m.8 I 
m . 7  
253.2 
245.9 

268.0 ................... 

I 

11.49 
9.64 
9.52 
i .82 
6.07 
4.80 
3.73 
2.87 .................. 

.................. .................. .................. ................... 

z60.0 
,18. 5 
ilG.6 
676.8 
637.3 
m.2 
563.4 

497.7 
467.8 
439.0 
409.0 

*366.4 

523.6 

1013.3 
9 s . o  
955.4 
902.4 
R4B.i 
7N.9  
751.2 

W3.6 
623.7 
s . 3  
545.3 

*4855 

706.1 

................. 

Aititudea 
above 
Y. s. L. 

Altitudes 
M. 8. L. 
ab000 PreanueS. D d l e s .  

1 I I- - 
mb. 
12.04 
10. !m 
10.10 

6.85 
5.37 
4.79 
4.11 

a 37 

....... ....... ....... ....... ....... ....... 
- 

74 90.7 
!X6  
03.4 
90.3 
87.1 
84.0 

Lbr.lu.fr. 
0. om5 
.ma 
.M10 
.0703 

. o m  

. a 7 8  

nib. 
1016.0 
860.0 
966.5 
903. 7 
853.0 
800.6 
752.0 
708.1 
665.2 
626.0 
5 a 8  
549. 7 * 492.4 ........ 

e. 
15.1 
12.1 
12.0 
9.4 
7.3 
6.6 
3.5 
0.9 - 2.0 - 5.0 - 8.1 

-17.1 
-27.4 

-11.1 

mm. 
9. 03 
7.05 
7.58 
6.28 
5.14 
4.03 
3. 58 
3.08 ........ ........ ........ ........ ........ ........ 

I M U .  
30.00 as. 94 
2:. 87 
1.84 
25.82 
24.84 

0. ms .ow3 . 081s 
.0691 
.os72 

0.- 
. m i  .w 
.0508 ............. 

................. I ........ 
I I 

Winter. 

0 
500 
526 

1000 
1600 aoao 
a500 aooo 
3500 
4000 
4500 
5ooo 

16000 
17000 

1.296 ' 
1.226 
1.223 
1.155 
1.089 
1.W 
0.970 
0 918 
0.871 
0.838 
0.788 *n. i2U 

............. -4.5 ............. .............. ............. 
I 

............. ............. 

March. 

I 
44.4 
41.9 ' 
39.6 
37.2 
35. I 
32.9 

0.19 I 
.18 
.I6 I 
. 1 1  
. I 2  1 
.11 . 

0.0787 
.0761 .mu) 
.W17 
. m 3  
.mi0 

97.5 
94.7 
91.7 
8 8 8  
85.0 
1 . 0  

Year. - 
1. aas 
1.171 
1.168 
1.113 
1. O i i  
1.002 
0.951 
0.903 
0.858 
0.816 
0.775 
0.731 

*a672 ........ - 

-- 
94.8 
90.5 
80.3 
86.1 
81.8 
77.5 
73.5 a. 8 
60.4 
63.1 
60.0 
56.6 

* a 0  ........ 

13.7 
11.0 
10.9 
8.4 
6 .2  
4 .0  
1.7 - 1.0 - 4.0 - 7.0 

-10.2 
-13.3 
-19. R 
-27.1 

0.9 1 .............. aom 
1m .............. -2.4 

! 

April. 
I I I I I 

*Baaed on few observations; 5gurea not regarded (UI reliable. 

TABLE 2.--Mean free-air pressiwes, iemperatwes, v a y  pressures, and 
duna'tics, as observed at Mount Weather, Va. ( h g  osh manu~r). 

m. 06 
28.01 
27.01 

%. w 
24 00 

m. 04 

67.0 0.31 9 4  0 
68.1 .28 a 4  
49.6 .25 89.0 
40.2 .!a 81. I 
43.2 .!a0 84.6 
89.9 .18 62.0 

m. 7 0.16 79.6 
33.6 .14 77.1 
m.7 .12 7 4  7 
27.9 .lo n8 
s o  . .08 m2 

January. 
I I 

Altitudes 
above 
16.8. L. 

Pressures. 

I I 

Inches. 
29.97 
28.96 
27.94 
%.9 

24.93 
26.98 

Lb./m.ft. 
0.0808 
. 0 7 a  97.0 

93.8 .m57 
90.5 .om 
87.2 .0704 
84.1 . m7v 

%loo. 2 
lncl lC& 

0.08 .oe 
.as .os 
.08 
.07 

OF. 
31.6 
30.4 
29. b 
28.6 
27.7 
ab. 6 

21.6 .............. 67.0 
l8.8 .............. e6.8 
14.9 .............. 88.6 
11.6 .............. 61.6 
7.0 .............. a. 5 

4.5 .............. 67.6 
1.0 .............. 6s. 6 - 2.6 .............. 68.6 - 8.8 .............. *a8 

-10.1 ........................... 
-13.0 ........................... 
-17.7 ........................... 
-20. 0 ........................... 

25.5 0.07 I 81.2 0.0855 
.06 I 78.3 I .(E32 . w10 24.1 

22.3 .06 75.6 
19.6 .05 73.1 .m 
16.7 .04 70.0 .0570 

13.8 .............. 68.3 0.0552 
10.9 66.2 .w 
7.9 .............. 64.2 .05u 
6.0 .............. * 62.6 *.om 
1.8 ............................ l .............. 

.............. 

16. m 

*i+a 
s.68 
1 4  I 

............. ............. 
............. ............. ............. 

19.71 
18.98 
18.18 
17.71 ............ 

............. ............. ............ 

............ , ............ , ............ 

-1.5 .............. ! ............................ 
-4.9 .............. 1 ............................ 
-8.1 I ............. -I ............................ 
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OF. 
69.6 
65.5 
61.3 
57. 2 
63.2 
49.5 

TABLE Z.--dlCan free-air pressures, tcmperatmss, vapor pzeasures, and 
densiiic0, as observed at Mount Weutlwr, Va. (English msonuer)--Con. 

August. 

Lbr./m./t. 
0.0746 
.07n .u) 

.38 87.7 .07W 

.31 85.8 .a089 .m 83.0 . o(1m 

.P 80.6 . w 1  

95 01.4 
I- 

90.1 
drs 

TM f.--dCean jke-crir rm, tmperaturw, vapor pressures, and 
a n t  W e a k ,  Va. (Bnglish maazrres)-Con. 

MU. 

dmnitia, aa o h w d  at 

0 
1000 aooo 
3000 
4000 
5Ooo 

30.01 
29. 02 
27.89 
27.01 
28.07 
a5.16 

1 . 9  
42.4 
39.0 
95.6 
81.4 

28.9 
25.7 
22.3 
1 8 7  
14.5 

0.18 1 7 a 8  0. oasa 
.15 7a1 .W14 
.12 7s. 8 .05w 

.08 (19.5 . a 1  

.............. 67.3 0.0544 .............. 65. 2 .om .............. a. 1 .DL10 .............. 61.1 .04m .............. 58.2 .0478 

.10 1 71.6 .om 

11000 

13000 lm 
14000 
1 m  

lsooo 
17WO 
19ooo 
loo00 

20.22 
19.48 
18.78 
18. 11 .............. 

.............. .............. .............. .............. 

0 
lo00 aooo 
3000 
4oLxl 
5wo 

30.02 
29.01 
28.03 
27.07 as. 12 
25.20 

0.25 
.I9 
.17 
.15 
.14 

77.4 
75.0 
72. 7 
io. 5 
68.4 

sooo 

9Ooo 

1 1 m  
l2Oo0 

15ooo 

lso00 
17000 
lso00 leooo 
aOOOO 

7000 8Mw) 

loo00 

' 13000 14000 

24.30 
23.41 
2 2 . l  
21.75 

20.21 
19.50 
18.78 

17.37 

16.70 ............. 

20. 97 

lam 

............. ............. ............. 

53.2 
50.0 
47.1 a. 9 
40.6 

37.2 

0.24 77.3 ' 0.mu 
.a0 75.0 .cUw 
.17 72.8 .a587 
.14 70.5 .OSBO 
.l!d 08.5 .os3 

.............. 66.4 0. om 

.............. .............. .............. .............. .............. 

.............. ............................ ............................ ............................ ............................ 

............................ ............................ 

86.4 
64.5 
62.6 
60. 7 
58.9 

57.0 

0 

rn 1000 

7Mw) 8ooo 

5Ooo 4000 

w)o 

wwlo 
loo00 

29.97 as. 00 
28.00 
27.01 
28.08 
25.15 

24. 23 
23.31 
m.44 
21.59 
20.70 

68.8 
53.4 
50.2 
46.9 
43.7 

0.23 76.8 0.0810 
.a3 74.6 .oaoa 
.19 72.4 .0685 
.15 70.3 .osa7 
.12 68.2 .a551 

11000 
lrn 
13000 

14000 15Ooo 

20.01 
19.26 
18.55 
17.85 
17.15 

21000 
!a!moo 
Boo0 

............. ............. ............. 

V a w  preasurea. 
Altltuda3 

.hWa 
M. 8. L. 

M. 
0 

uloo 
poo m 
1ooo 
M)o 

I&. 
19.93 
23.91 
27.95 m. 96 

25. w 
m. 00 

' OF. IneAea. % Lbr.lcu. It. 
0.0784 

.0715 .om 

.OB77 

.wsB 

.oB(o 

77.4 
73.6 
69.6 
66.0 
62.6 
58.4 

0.81 
.89 
.58 
.48 
.40 
.34 

90.0 
88.6 
86.2 sa. 9 
81.5 
79.2 

24 17 
a880 
22.44 
21.61 m. ra 
m. 05 

ia M 
19.29 

17.80 
17.08 

0. 29 
.24 
.20 
.16 
.13 

58.3 
5.3. 2 
50.4 
47.1 
43.7 

77.0 
74.7 
72.5 
70.4 
68.3 

86.3 
64.3 
02.4 
80.7 

............. ............ .. .........., ............. ............ ............. ............. 
10.2 .............. 57.1 a 0461 .............. 55.0 .w 

. M13 

5.9 
2 .3  - 0.9 .............. 51.2 - 4.0 

.............. 21.6 
16.9 
12.0 
6.8 

............. ............ ............ ............. 

............. ............. ............. ............. 

............. ............. ............. ............. ............. 
............. ............. ............. 

- 7.2 
-10.5 
-13.2 September. 

72.5 
88.7 
65.1 
61.9 
58.0 
58.3 

54.0 
51.4 
48.9 
45.9 
42.6 

39. 2 
35.8 
32.2 
28.4 
24.3 

20.8 
19.2 
17.4 
15.6 
10.4 

4.3 
-3.3 

92.0 
89.7 
87.2 
84.8 
82.3 
79.9 

0.0742 
.0724 
.0704 
.Ma4 
.om6 . OB45 

0.60 
.54 
.48 
.42 
.35 
.30 

June. 
- 

0.07% 
.w19 
.mil .m 
.w1 
.@Ma 

29.88 
!2a. 90 

20.94 as. 01 
25.09 

24.90 
23.31 aa. 49 
21.66 
10.88 

!m. 12 
19.39 

17.87 
17.31 

16.67 
10. OB 
15.48 

n. 92 

ia 85 

73.8 
70. 2 
66.6 
63.0 
59.5 
58.5 

0. w 
.51 
.15 
.u) 
.34 
.a9 

91.4 
I. 0 a. 6 
84.2 
81.0 
79.6 

0.04W) ............. ............. ............. ............. 
............. ............. 

19.4 .............. 0.0461 
16.3 .............. .w 
13.1 .............. a 0 0 0  ............. aaooo ............. I 

July. October. 
~ 

29.88 
28.90 

28.98 
M. 05 
25.15 

n. 90 

~~ 

so. 0 
75.9 
72.0 
67.8 
64.0 
Bo. 4 

~ 

0.67 
.59 
.52 
.45 
.38 
.P 

0. m . 0710 . om1 . OB74 
.0858 
.a638 

511.6 
55.4 
52.2 
49.1 
46.6 
44.6 

42.8 
41.0 
3s. 8 
36.8 
33.4 

30.2 
27.0 
23.9 
21.0 
17.8 

14.0 
10.0 
6.6 
3.4 

-0.2 

0.3s 
.35 
.31 
.28 .as .aa 

94.6 
m. 1 
88.5 
86.9 
84.3 
81.7 

79.0 
76.3 
73.8 
71.4 
89.1 

67.0 
81.9 
62. 8 

589 

68.9 
55. 2 
63.6 * 52.4 

80. n 

............. 

a o m  
.0744 
.m .mol 
.m 
.om0 

90.2 
88.0 
85.6 
88.5 
81.3 
19.1 

0. a0 
.17 
. l 6  
.14 
.13 

0.0638 
.OM6 
.05M 
.0576 
.OM8 

.05M 
-0507 
.Me1 
.M75 

0.0459 
.0446 
.M32 * .(wp 

a mi 

............. 

40.1 .............. 0.01135 

28.9 .............. 80.6 

............ ............ ............ ............ ............ 17.34 
16.71 
16.14 
15.67 
15.08 ............. 

s . 3  .............. 58.7 .M74 
22.1 .............. 0. OHX) ia 9 .............. 
15.6 .............. 
12.6 .............. * 52.5 * .M24 

lem0 
17000 
lso00 
lwwlo m 

10.45 
15.83 
15.24 

aOOOO ............. 
14.80 

............ ............ ............ ............ ............ 

............ , ............ ............ 

9.3 

6.1 
2.8 

-0.2 

............. ............. ............. 
-4.2 

. -8.9 
-14.8 

............. ............. ............. 
............. ............. ............. 

B u d  on len obaervatlons; flgum not regarded 8s reliable. Based on few observations; flgures not regmrded as reliable. 
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'F. 
77.0 
73.2 
69.4 
65.7 
62.2 
58.8 

52.3 
49.3 
46.2 
42.8 

39.4 
35.8 
33.2 
28.6 
25.0 

55.6 

TABLE 2.-Meanfiee-air~eaaurea, temperatwcs, 1~ or prcsmre8, d 
dcnsitiea, aa obaerved at a n t  wcathcr, v a .  (EnglisKlrnwwea)-Con. 

November. 

Imlcs. 
0.68 

.59 

.51 

.44 

.38 

.32 

.P 74.7 . I8 72.6 

. I 5  70.4 

.I2 68.3 

.............. 66.3 .............. 64.4 .............. 62.5 
do. 6 .............. 58.7 

0.27 I 77.0 

.............. 

TABLE 2.-Mean f r e t w i r ~ a u r e d ,  temperaturer, vapor praaww, and 
d ~ X e 8 ,  aa obawved at ount Wmther, Va. (English rneaauru)--Con. 

Fest. 
0 

rn 
3000 

4000 5ooo 

7m Bwo 

BMW) 

8ooo 
low0 

Summer. 

Deositles. Tempera- 1 Vapor I 
tures. preaures. 

Inched. 
30.00 
28.98 
27.94 
%. 90 
25.92 
24.96 

24.04 
23.11 
22.24 

20.59 
ai.3.s 

21.9 
18.3 
14.5 
10.6 
6.6 

3.2 
0.0 - 2.9 

.............. 56.9 .............. 55.3 .............. 53.9 .............. * 52.4 ........................... 

........................... ........................... ........................... 
0 

3m 

5ooo 

aooo loo0 

30.01 
28.96 
27.90 as. 85 
25.85 
24.87 

0.36 . .w 
.28 
.% 
.23 
.20 

94.6 0.0763 
92.1 .0743 
89.4 .m 
88.9 .m1 
M. 2 .m 
R1.5 .ow 

Boo0 

Roo0 
9000 

7ouo 

loo00 
1 loa, 
r2m 

15ooo 

l3OO0 

lWM0 

23.93 26.1 0.13 30.8 0. W? . nr% 23.00 24.6 . 11 77.9 
22.5 . in 75. 3 . nelh 

21.29 19. R .M 72.9 .U8R 
22.13 

20.49 16.9 . O i  70.6 . ai70 

19. i 2  1 R . R  .............. R8.4 0. 0.;.i? 
111.9s 1n.Y .............. &I. 2 .0581 
IS. 24 i . 9  .............. 0.1.0 .Ci;li 

4.6 .............. 62.0 .ojoo 
16.81 1.2 .............. 58.9 . M,s3 
17.5.' 

* 16.01 -1.8 .............. L57.4 *O.M63 

71.4 ::: j m.2 
.0576 
.(u58 

0 
1 W  
20a) 
3wo 
roa, 
woo 
m 
m 1ooo 
m 

loaw, 
llooo 
12oM 
13OW 
1- 
15ooo 

lo0 

l6UW 
"Oo0 

loo00 
SMOO 

29.92 57. 2 0.31 
28.93 53.8 .28 
27.92 50.4 .25 
26.93 46.9 .22 
25. Q6 43.9 . I9 
25.00 41.0 . I7 

23.19 35.4 .12 
22.33 32.5 1 .10 74.4 
21.51 29.5 .os 72. 2 .os82 
20.72 26.4 .OB 70.0 .a565 

19.95 23.0 .............. 67.9 0. a548 
19.20 19.8 .............. 65.7 .0531 
18.46 16.6 .............. 63.7 .0514 
17.76 13.1 .............. 61.7 .0498 
17.01 9 .3  .............. 59.7 .04B 

16.34 5.5 .............. 57.7 0.0468 
15.65 1.8 .............. 55.7 .0450 - 1.8 .............. 53.9 .a35 - 5.4 .............. * 52.1 .m 15.02 
14.40 .............. - 8.9 .......................................... 

24.08 38.3 I 0.14 0.0640 

94.7 
92.2 
9 . 7  , 87.1 
81.5 
81.9 

0 
1Mo 
2Ooo 3am 
4m 6ooo 

30.12 
28.05 
27.94 as. 86 
25.85 
24.87 

33.3 
31.6 
30.2 
28.6 
27.5 
28.6 

25.3 
23.7 

19. 2 ia 3 

19. n 13.3 
10.2 
7.3 

17.65 4 .3  
16.98 1.0 

ai.  6 

0.13 loo. 2 aoB00 
.ll 07.0 .m 
.I1 93.6 .0756 
.10 eo. s .om 
.09 87. I .m 
.OD 83.0 .0678 

0. OB 81.0 0.0654 
.07 7 8  2 .W31 

.06 73.1 .om 

.05 70.7 .Wl 
.............. 68.4 0. abbo .............. 66.8 ,0538 .............. 64.4 .om .............. 62.5 .oMI .............. 60.4 .ow 

.w 75.6 . mi0 

o0 
7 m  
Bwo 
Boo0 

loaw, 

23.89 
23.02 
22.16 
21.31 
#). 51 

~ ~~ 

Tempem- 
tures. 

OF. 
46.2 
43.2 
40.3 
37.8 
35.2 
33.1 

31.3 ao. 5 
27.3 
24.6 
21.7 

1s. 5 
' 15.4 

12. 0 
8.6 
5.2 

1.9 
-1.1 

-7.2 
-4. a 

~ 

Deaslties. 
Altitudes 

above 
Y. 8. I.. 

Vapor 
pressuras. Pressures. 

Y. 8. L. 

Inchcr. 
29. I 
2s. 90 
27.92 as. 98 
26.06 
25.15 

24.25 
23.37 
22. 55 
21.73 

20.19 
19. 45 
18.73 
18.03 
17.32 

16.69 
16.08 
15.55 * 14.99 

20. 94 

............ 

%90.7 

' 81.6 

88.4 
86.1 
83.8 

79.3 I 

Lba./cu.fi. 
0 . m  

.0714 

.a685 

.06a 

.wu) 

0. ml .om .om 
.056a .om 

0.05% 
.05!m 
.m 
.04m 
.0174 

0.0459 
.0446 
.a35 * .M23 

. wn 

............. 

............. ............. ............. 

75 97.3 
94. .5 
91.7 

85.9 
83.1 

90.4 
77.5 
74.9 
72.5 
70.2 

OS. 0 
68.0 
64.0 
62.0 
Bo. 1 

58.1 
56.3 
54.4 

8% 7 

............. 

rn.leu.ft. 
0.0785 

.0763 

.0710 

.0716 .a . OB71 

0. WY 
.0826 .m . a585 
.0587 

.0532 

.G17 

.a501 

.Ma 

0.0489 
.0451 
.M39 

0. a549 

............. 

IncAcs. 
0.17 
. I5  
. I3  
.12 
. ll  
.OB 

0. os 
.07 
.M 
.OB 
.08 

............. ............. ............. ............. ............. 

............. ............. ............. ............. 

1 1 m  a 19. 82 
19.09 

lrn 18.38 I 17.88 
15ooo 17.00 

16.33 

15. OB 
18ooo ............. 
ig I i5.7a 

21ooo ............. 
a2ooo ............. 
29oM) ............. i - 

December. 

0.16 
.16 
. I6  . 11 
. I 5  
.14 

0. w2 

. 0i53 . U i z h  

.W76 

. n77x 

. mnz 

99.4 
98.3 
93.3 
90.1 
88.9 
83.8 

Pall. 

30.00 
29.01 
27. 99 
27.02 
26.06 
25.10 

24.17 
23.27 
22.41 
21.58 
20. 79 

90. OI 
19.31 
IS. 59 
17.87 
17.16 

16.53 
15.90 
15.37 
14.87 

59.2 
55.9 
52.7 
49.6 
47.1 
45.0 

43.2 
41.0 
38.8 
3e. 1 
33.1 

29.8 
26.6 
23.4 
19.9 
16.5 

13.1 
9.9 
6.6 
3.4 

............. 0. DMa 

............. * 52.8 * .M#I 

............. ............. 
0.0765 

.0741 .m 

.Mo3 

.0882 

.Om1 
Wlntcr. 

aim 1 ..............I -12.5 1 .......................................... I 1 wwoo .............. -15.9 .......................................... 
2xmo .............. -19.1 .......................................... 

leo00 1 16.02 I . -2.2 1 .............. 1 * 67.6 I * O . W  
17000 .............. -5.6 .......................................... 
laoao .............. -9.0 .......................................... 

*Based on b w  obmmtlona; flgurea not regarded an reUble. E d  on few observatlonai tlgursg not regarded as reliable. 
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F. 
50.7 
53.8 
50.9 
47.8 
45.3 
43.0 

40.8 
38.1 
35.8 
32.7 
29.7 

28.4 
23.0 
19.8 
18.3 
12.7 

TABLB 2.-iUeanfics-air reaaurea, Urn turea, vapor preaaurea, and 
dedtiea, ad obaervedat d u n t  Weather,r(Engliah meaaurea)-Con. 

Lba.lcu./l. 
0.0765 
.0744 .31 92.2 

.27 89.8 ,0723 

.24 1.9 .m 

.21 84.2 .0880 
.18 81.5 . O W  

0.15 7s. 9 0.0837 
.13 78.5 .0617 
. l l  74.1 .0598 
.10 71.8 .0579 
.08 89.8 .0582 

.......____.__ 87.4 0.0544 .............. 65.5 .0538 .............. 83.4 .0512 ......_....... 81.5 .04% 

%W.8 
IncRsa. 

0.34 

...__._..._... 59.5 I .ow 

TABLE 3.--JdCa?n valuea of atmosplwic pruawu, tnnpemtwea, vapor 
preaaurea, and dendim, baaed on sounding balloon observation8 at 
Furt Omah, Neb.; Indianapolis, Id.; Ewon, 6. Dak.; and Avalon, 
CaL-Gontinued. 

Fed. 
0 

2M)o 'Oo0 
9ooo 
4am 
5ooo 

lAC?lC8. 
29. 92 
!am 
27.94 
28.94 
25.95 
25.00 

00 m 
m 
woo 

1ooM) 

24.09 
23.21 
22.38 
21.54 
20. 75 

11000 

19ooo 
14am 
13ooo 

lm 

lm lm 
lso00 
2M100 

19.97 
19.25 
18.51 
17.82 
17.11 

IS. 40 
15.77 
15.24 * 14.78 . . . . . . . . . . . . . . 

9.3 
5.9 
2 .5  - 1.1 
4.9 - 

.............. 57.4 0.0484 ............._ 55.7 .OM9 ......_._.._._ 54.2 .M38 ......._.._... * 52.9 * .Mn ......... ..... .............. ._.._.._.__... 
21000 
22ooo 
23000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 . w  
1.69 
a 9 7  

3.99 
2.25 
1.29 

4q3 
423 
31;s 
320 
276 

!E37 
mr 
175 
151 
127 

-17.1 
-23.4 -:m. I 
-37.3 
-43.7 

4 4 . 3  
-52.2 
-53.9 
- 2 . 3  
-55.5 

52 
45 
39 
33 
29 

25 
23 
19 
18 
13 

-44.0 
-42.5 
-39.9 
-37.2 
-42.2 

-40.2 
-39.7 
-40.1 
-40.5 
-40.8 

Summer. 
Altitudw 

M. 8. L. 

- 
Altitude 

above 
M. 9. L. 

m. 
0 

500 
1000 m 
3000 
4000 

.5OOo 

E m 
9000 

10000 

11OOo 
12000 
13000 
14000 
15ooo 

lao00 
17000 
IS000 
1w)Ilo 
aOOOO 
21000 
22OOo 
23MM 
24000 
25000 

28ooo 
27000 
2 m  
29000 
3 m  

31000 
32000 

Temperatures. 

~ ~~ 

Densities. Pressures. Vapor pressures 

- 
@ A .  
297. B 
296.1 
294.8 
289.0 
m. 3 
276.9 
270.5 

acu. 5 
25s. 7 
252.1 
245. 8 
239.1 

232.5 
226.2 
223.0 
219.4 
218.9 

215.0 
21s. 7 
217.5 
219. R 
221.9 

2 8 . 6  
224.5 
227.3 
231.1 
233.3 

234.5 
232 c 
236.0 
237.6 
238.2 

239.0 
231.1 

.- 

x 
91.1 
86.6 .w. 4 
74.6 
87.8 
81.5 
55.6 

50.1 
45.0 
40.4 

32.3 

2s. 0 
25.8 
22.4 
19.5 
10.9 

14.7 
12.5 
10.6 

d.6 

6.6 

4.2 
3.5 

2.9 
2.5 
2.3 
2.1 
1.8 

1.6 
1.5 

30.2 

9.0 

:: ; 

- 

mm. 
761 
719 
679 
804 
5% 
475 
4 19 

atis 
324 
25.1 
24R 
215 

187 
161 
139 
119 
102 

ss 
75 
84 
55 
47 

41 
35 
30 
27 as 
19 
16 
15 
14 
12 

11 
10 
- 

mb. 
1015 
959 
9M 
805 
715 
633  
559 

492 
432 
379 
331 
287 

249 
215 
185 
159 
136 

117 
100 
$5 
73 
63 

$5 
47 
40 
36 
31 

25 
21 

19 
16 

15 
13 

m 

* C. 
24.' 
23. 
21. I 
16. I 
10. I 

- a., 
- S.! 
-14.: 
-20.1 
-2i. I 
-33. I 

-40.! 
-46. I 
-50. I 
-53. I 
-58. I 

-58. I 
-57.: 
-55. : 
-53.: 
-51.1 

-49.4 
-4s. : 
-4.5. i 
-41.f 
-39.1 

-38. : 
-40.4 
-37. c 
-3.5.4 
-34. I 

-31. c 
-41.9 

3.1 

mm. 
14.94 
11.90 
9.35 
5. i s  
3.58 

1.30 ' 2.22 ' 

mb. 
19.92 
15.87 
12.47 
7.70 
4.77 
2.90 
1.74 

0.97 
.6n 
.346 . 190 
.097 

0.042 

.Oil 

.007 

.004 

0. OR? 
.o(u . oa5 . On8 
.011 

0.012 

.om 

.029 

.036 

.om 

.050 

.055 

.081 

0. ow 
.005 

.n19 

.n15 

0.034 

kg.ku.m. 
1.177 
1.120 
1.085 
0.965 
.878 
.795 
.718 

0.73 
.45 
.m 
.I42 . oi3 

0.032 
.014 .om 
.003 

0.002 
.On3 . on4 . OlM . 0U.r 

0.009 

.022 

.027 

0.023 

.038 

.041 . 046 

0.051 
.004 

. na; 

.n i l  

.ni5 

. nzz 

0.847 
.581 
.5a3 
.488 
.418 

0.314 
.331 
.2w) 
.a51 
.218 

0.190 
.162 
.137 
.118 
.09R 

6.085 
.072 . OB1 
.Q51 
.048 

0.0311 
.032 
.030 
.027 
.m 

8.9 .............. ............. - .............. 
-12.8 
-17.0 - I  . . . . . . . . . . . . . . I . . . . . . . . . . . . . . I . . . . . . . . . . . . . . ..- ....... -... ............ -. .............. 

*Basad on few observations; flgwes not regnrded as relisblo. 

TABLE 3.--1Uean vahtca of atniosphrrir presntr~a, tanpcralirrea, wiper 
peasiirea, and densitiea, bnsrd on  eoicnd~hg balloon obseri!ntions at 
Fort Omnhn, Nebr.; hdianapolia, Ind.; Huron, S .  Dak.; and A z ~ ~ ~ I I ,  
Pal. 

Spring. 
0.021 
.020 

Temperatures. Vapor pressures. Dens l th .  
Altitudc 

sbove 
M. 8. L. Pall. 

pressures. 

- 
?nb. 

12.60 
10.28 
7.91 
5.25 
3. 60 
2.25 
1.01 

0.56 
.24 
.133 
-035 
.013 

0.008 
.005 
.005 
.005 
.007 

0. 005 
.OM . . . . . .- ....., .-..... 
. . 

. . . . -. . , . . . . . . . .-..... . . . . . . . . . . . . . . 

- 
?& 
93.4 
89.3 
85.5 
77.0 
69.0 
62.3 
e56.6 

50.1 
44.9 
40.8 
38.4 
32.4 

28.2 
24.4 
21.0 
18.0 
15.7 

13.4 
11.5 . . . . . . . . . . . . . . . . . . . . . , 

. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

mm. 
757 
716 
874 
597 
527 
485 
409 

357 
311 
270 
213 
101 

IT2 
148 
121 
109 
95 

81 
(19 
59 
50 
43 

37 
32 
27 
53 
I9 - 

mb. 
looB 
955 
888 
798 
703 
g10 
545 

478 
415 
380 
311 
288 

m 
197 
169 
145 
127 

108 
92 
79 
87 
57 

49 
43 
38 
31 
25 - 

8 C. 
18.9 
13.9 
0.7 
5.0 
0.9 - 5.1 

-12.4 

-17.2 
-24.5 
-35.2 
-43.4 
-60.4 

-5a. 8 
-54.8 
-55.2 
-55.4 
-55.2 

-58.3 
-57.8 . . . . . . . . . . . . . . , . . . . . . . , 

, . . . . . . , ....... I . . . . . -. , . . . . . . . , . . . . . . . , 
- 

.A. ase. 9 
288.9 m. 7 

273.9 
2B7. 9 
aSa. 8 

!?55.8 
248. 5 
237.8 
229.8 
222.8 

219. I 
218.2 
217.8 
217.8 
217.8 

218.7 
215.2 

na o 

. . . . . . . ....... I ....... I 

......., ....... I . . . . . . . ........ ....... , - 

mm. 
9.45 
7.71 
5.93 
3.93 
2.70 
1.88 
0.75 

0.42 
.18 
.10 

. 010 

0. Mw) 
.004 
.001 
.Mw 
.005 

0. Mw 
.003 

.om 

. . . . . . . . . . . . . . ....... , 

. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

kg.1cu.m. 
1.207 
1.154 
1. 105 
0.m 
.a92 
.805 
.732 

0.848 
.581 
.527 
.471 
.419 

298.8 
282.5 
257.9 
281.2 
27G. S 
289.9 
263.1 

255.9 
2.49. ti 
242.4 
235.7 
229.3 

222.7 
a. 4 
219.1 
21% 7 
217.5 

217.8 

222.0 
225. B 
228.4 

23.3. 1 
235. a 
230. 8 

232. s 
233.3 
232.9 
232.5 
232.2 

21s. 0 
ais. 5 

230.5 

91.4 
57.0 w. 2 

6 2 2  
58.4 

76. a w. 0 

1.182 
1.138 
1. om 
0.881) 
.a93 
.801 
.720 

0.857 
.5m 
.529 
.473 
.419 

0.3ti7 
.322 
.278 .uo .m 

759 
719 
117.9 
IiOS 
532 

4 l l  

362 
317 
276 
241) 

179 
153 
131 
113 : 
95 

41% 

2117 

m. 
0 

500 
1000 aooo 
3Ooo 
lOD0 
5ooo 

Boo0 
7000 
8ooo 
Do00 

loo00 

llrn 
1#)00 
13000 
14000 
15ooo 

laOD0 
17000 
laa00 
leo00 
1OOOO 

POM) 
?aaao 
24000 
WM) 

nom 

~. ~ 

624 ' - 3.1 
551 I - 9.9 

0.52 
.!a 
.I42 
.m 
.m 

0.015 

. 00s . 007 

.outi 

0.006 . U0.i . uoci . 00s 
.014 

0.019 .m 
.M2 
.075 
. m 2  

0. 002 
.002 .m 
.002 .m 

. nio 

0.70 
.39 
.1x9 . ORs 
.039 

0.020 
.013 
.010 
.m .m 

0. IW)S . (117 . 005 
.OH 
.01Y 

.034 

.058 . 100 

.m 
0.003 
.003 .on.. 
.003 
.m 

a 025 

50.8 
45.8 
40.9 
38.8 
3 2  4 

2% 4 
24.9 
21.5 
1% 6 
15.7 

0.3til 
.315 
.271 
.233 
. a 3  82 

KII 
52 
45 

39 
34 
29 
25 
22 

19 
17 
14 
12 
10 

7n 13.5 
11.5 
9. s 
8.4 
7.2 

a 175 
.149 
.127 
.109 
.093 

0.174 
.149 

-55. n 

lio I -47.2 ...-....._ ...-...... .......... a. 1 
5.3 
4.5 
3.8 
3.4 

0.079 
.Oos 
.058 
.049 
.OH 

.......... ........__ .......... .......... ........__ 
2.9 
2. 8 
2.2 
1.8 
1.8 - 

0.038 
.034 
.m . w.1 
.m 

45906-18-2 
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I - 
O A .  
m. 0 
275.1 

m. 7 
m 2  
200.1 
253.6 

246.9 
w). 0 
234.0 
227.9 
224.4 

232.4 
221.1 
220.4 

218 2 

417.0 
217.8 
21% 4 
217.8 
218.7 

219.0 
mas. 9 
227.0 
227.1 

ni. 5 

218 7 

__ 

TABLE 4.--ddcan v a l w  of atnwsplurie pi-+wes, tempcrdwsr, -pot 
awes, and dnrsitics,. based .on aounchng balloon obawtionr at 

Fmt Omaha Nebr.; Inhanapolss, I d . ;  Huzon, 5. Dak.; and Avalon, 
Cal. ( E n g d h  mcaswes). 

above 
Y . B .  L. , 

TABLE S.-Meun values of atmosphcsic pressures, tnnpezaizwes, vapor 
m r a ,  a d  ddnsitics bored on sminding balloon observations a! 

%t &nuha. Nsk.: Indianamlh. I d . :  Huron. 6. Dak.; and Avalon, 

P r r S S U ~ S .  

. -- 
Inchra. 

29.80 

27.84 
26.85 
25.81 
24.92 

24.02 
23.15 
9.18 
21.46 

19.80 
19. OG 
18.35 
17.64 
16.97 

lti. 34 
15.71 
15.12 
14.53 
13.94 

13.39 
12. lu 
12. a8 
11.77 
11.26 

10.31 
9. R4 
9.41 
9.02 

8.34 
0.40 
5.12 
4.02 
3.15 

2.44 
1.89 
1.49 
1.14 
0.87 

m. 82 

m. ti3 

in. 78 

_- 
I 

0 C. 
6.0 
L1 - 1.5 - 3.3 - 7.8 

-129  
-19.4 

7Ro 
719 
077 
601 
531 
409 
412 

362 

275 
239 
107 

179 
1M 
131 
113 
07 

85 
71 
01 
I 
40 

39 
34 
a9 
2s 
22 

19 
10 
15 
14 
12 

11 
10 

310 I 

0.588 
.ma 
.441 .w4 
.326 
. a 1  

91.1 
88.6 
85.8 
85.1 
80.7 
78.3 

0.240 . n 5  
.1m 
.103 
.130 

0.119 
.lo3 
.089 

.w 

. 070 

7% 9 
73.8 
71.0 
ne. 6 
07.4 

85.6 
63.6 
01.7 

5% 0 
m. 8 

Wlnter. 

Densities. 
pressures. vapor Altitude 

above 
IK. 8. L. 

Tcmpem 
tures. 

= F. 
62.4 

56.1 

49.5 
40.4 

43.3 
40.3 
37.4 
34.5 
31.6 

26.1 
22. G 
19.6 
10.5 

13.3 
10. 2 

G. 8 
3.6 
0.3 

- 3.3 - 7.1 
-11.4 
-15.9 
-10.7 

-31.5 
-37.3 
-43.1 
-47.g 

-54. E 
-65. I 
-67. I 
-67. f 
-G9.. 

59. a 
5a. 7 

m. R 

-%.a 

............ ............ ............ ............ ............ 

Densitim. bpor pressures. Pressurea. Tempamtures. 

Inchrr. 
0.372 
.330 

. u 5  

.211 

.187 

0.168 
.149 
.133 
.118 
.lo5 

0.081 .om 
.@87 
.056 
.045 

0. w4 .on .m 
.019 
. O l G  

0.013 . 010 
.007 .m 
.005 

0. OM 
.003 
.aM .om 
.002 

0.001 .m .m 
.aM) .ow 

.m7 

........... ........... ........... ........... ........... 

lo 93.; 
90.9 
8s. 3 
85.8 a. 2 
80.7 

78.3 
75.9 
73.5 
71.2 
68.9 

68.5 
04.4 
82.5 
60.4 
5s. 5 

50.7 
54.9 
53.2 
51.0 
49.8 

40.0 
45.0 
43.0 
42.2 

40.0 
39.0 
38.3 
37.1 
3G. 0 

33.9 
26.9 
21.4 
16.8 
13.3 

48. a 

............ ............ ............ ............ ............ 

- 
% Bs. 3 
93.9 
89.4 
79.4 
71.2 
63. H 
s7. 2 

51.2 
45.4 
40.7 
36.1 
31.5 

27.5 
23.7 

17. li 
15.0 

12. 9 
11.0 
9.4 
S.1 
6.9 

5.9 
1. I) 
4.1 
3.5 

m. 4 

mm. 
3.40 
2. 96 
2. 4s 
1. I 
1.01 
0. W 
.26 

0.14 
.05 
.02R 
.015 
.m 

0.007 
.006 . 005 
.005 
.o(H 

0.004 
.M)4 
.on4 
.001 .m 

0.004 
.uo3 
.MI4 .m 

10.54 
8 47 
eh 73 
4.41 
2. 72 
1.04 
0.90 

0.50 
.a8 
.153 
.080 
.ON 

0.019 . 010 .an .m 
.MI4 

0. oor .m 
.OM .m .an 

0.010 
.014 
.m .w 
.023 

0.020 
.015 . OH 
.m 
.030 

.004 
a 051 

- 

g.1cu.m. 
1.270 
1.214 
1.157 
1. n27 
0.820 . ar, 

.740 

l1.61:2 
.592 . SB 
.4tii 
..IO5 

. .107 . %3 

.227 .1w 
0. I N  
.I43 
. E 1  
.I114 
.om 

0. O i l ;  
.Ob4 
.1&3 
.M 

0. ?j5 

1 . 9 2  
1. 13) 
1.094 
n. 9~ . rsa . w 7  
. 7 m  

0.6.55 
.w 
.sa . 411w 
.4l6 

0. 36i 
.121 
.278 . 240 

0.17s 
.151 
.130 
.112 .ow 

0.081 .ow 
.os7 

.044 

0.038 
.032 
.wo . 0% . ow 

0.021 .om 

.m7 

. as0 

Feel. 
0 

1Mo 
aMM 
3ooo 
4 M o  
jMl0 

LbE./clb. ft. 
0.0754 

.Om4 

.0713 

.oca . IS72 

. W 1  

0.0032 
.OB12 
.os93 
.0575 
.a568 

0.0557 
.a510 .om 
.M88 
.Or72 

0.0457 
.MII 
.0130 
.M10 .om 

0. oa88 . M70 
.0961 .ma 
.0340 

0.0380 
.M20 .w .oaoo 
.0291 

0.0273 
.0217 
.0173 
. 0 1 1  
.om7 

............. ............. ............. ............. ............. 
. 

mb. 
4.53 
3.95 
3.30 
243 
1.35 
0.78 
.35 

0. 19 
.07 
.037 
.up 

0.008 . 009 
.007 .m . 00: 

0. m5 
.005 .a . a05 
.OM 

0. w): 
.la . 00: 
.oo! 

.n12 

mm. 
704 
720 
077 
m7 
518 
482 
404 

488 - 2 t 1  
408 -33.0 
3!n -38.0 
305 -45.1 
2ci3 -48.6 

227 -50.0 
195 -51.9 
167 - 5 2 6  
143 -54.3 
121 -54.8 

104 -55.4 
89 -55.2 
70 -54.6 
05 -55.2 
50 -54.3 

4s -54.0 
41 -40.1 
35 -46.0 
29 -45.9 

362 
900 m 
219 
167 

170 
1Q 
125 
107 
91 

67 
57 
49 
42 

30 
31 
28 
22 

78 

26ooo 

2Hooo 
2w)o 
30000 

6 
7 

8 

11 
I2 
13 
14 
15 

nwo 

Milr8. 

a 
ia 

19.1 
16.2 

2 0  - 3.5 
-10.0 

-16.5 
-a.9 
-29.0 
-30.2 
-41.9 

-48.8 
-50.4 
-52.3 
-54.1 
-55.0 

-50.6 
-55.0 
-54.7 
-53.1 
-50.9 

-49.3 
-46.0 

-4a 3 
-40.3 

-3a 2 

-37. I 
-30.8 

-34. E 
-41. S 

13. 3 
a4 

-44. a 

-3a.a 

-38 a 

- 

1013 
9.59 
8oa 
801 
708 
825 
549 

483 
421 
307 
319 
270 

239 
205 
170 
151 
la9 

111 
95 
81 
71 
01 

I 
43 
3ll 
8a 
29 

25 
21 

18 
18 

15 
18 

m 

93. I) 
w.9 a. 6 
76. 1 
69.0 
62.4 
55.9 

50.7 
45.4 
10.6 
36.2 
3 2  2 

14.05 
11.28 
a 9 7  
5.88 
3.63 
2. 19 
1. m 
0.07 
.37 
.M 
. lo7 
.n53 

0.025 
.013 
.in9 
.m 
.005 

2h 4 
24.8 
21.5 

10.0 
ia 5 

Summer. 

0.0735 
.0714 
.0802 
.0071 
. m 1  

0. mu 
.a508 
.0578 
. w 1  
.0544 

0.- 
A614 
.olw 
.ole3 .ow 

0.0455 
.0441 
.Ma 
.M14 
.W1 

.ma 

29.96 
a8.w 
27. w 
%. 06 
25.10 

n. 01 

76.8 
75.0 

71.2 
68.7 
86.2 

63.3 
60.4 

53.8 

40.4 
4 2  8 
39.4 
35.8 
32.4 

!a. 9 as. 7 
22.3 la 0 
15.4 

rd. 2 

67. a 
m. o 

0.005 
.005 
.005 
.ai8 
.m 

13.8 
11.8 

8.0 
7.4 

io. o 

a a13 
.019 .m 
.051 
.M1 

0.027 .om 
# 035 
.w7 
.04a 

0.068 .a - 

6.3 
5.3 
4.4 
3.9 
3.4 

2. 0 
2.5 
2. 3 
2. 1 
1.8 m. 3 

.m Sl. 3 
49.7 

1.7 
1. e 
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0 

2000 'Oa0 
3wo 
4ooo 
5ooo 

Tmle I.-Mean vah&?s of atmospheric pressured, t&tnperatures vapor 
g m w e s ,  and ahai t ies .  baaed on sounding balloon observa~;bna at 

mt Omaha, Nebr.; Indianapolis, I d . ;  Huron, 6. Dak.; and Avalon, 
Cal. (Englisn meanvee)--Continued. 

Surnrner-continwd.  

29.92 
28.99 
2i.90 
26.97 
25.96 
25. OS 

TABLE 4.-iUean values of atmospheric predswcs, temperatures vapor 
essures, and dmsities based on sounding ballom o b s c n m h  at 

Fort Om+, Nebr.; Indinapo!is, I d . ;  H u m ,  S .  Dak.; and Avalon, 
Cal. (Enghh m.easures)-Continued. 

Wlntw. 

Boo0 

8000 'IOM) woo 
loo00 

11ooo 
lao00 

14000 1m 

Altltude 
above 

1 . 8 .  L. 

24. 18 
23.31 
22.40 
21.63 
20.90 

19.88 
19.24 
18.50 
17.80 
17.13 

Fect. 
21000 
zloao 
z1oM) 
24000 
25ooo 

!moo m asooo 
lWM0 
30000 

0 
7 
8 
9 
10 

11 
12 
13 
14 
15 

Milea. 

21000 
!moo 
23wo 
24000 
lMl00 

10 
17 
18 
19 
m 

13.40 
12.91 
12.30 
11.87 
11.30 

i 
9 

10 

11 
12 
13 
14 
16 

Ill 
I7 
18 

~ 

I n c h .  
13. R2 
13.31 
12.80 
12.28 
11.77 

11.33 
10.87 
10.4s 
10.00 
9.57 

8.90 
7. OR 
5.59 
4.37 
3.39 

2. 04 
2.05 
1.61 
1.26 
1.01 

0.81 
0.65 
0.54 
0.46 
0.39 

29.87 
28.91 
27.90 
27.01 
20.10 
25. a0 
24.32 
28.44 
22.58 
21.73 
lo. 90 

10.11 
19. 30 
1.8 
17.89 
17.23 

16. sa 
1s.96 
15.m 
14.74 
14.17 

13.01 
13.05 
12.51 
11.97 
11.50 

11.00 
10.55 
10.06 
9.05 
9. !a 
8.58 
6.73 
5.18 
4.08 
3.15 

2 48 
1.93 
1.54 
1.22 
0.96 

0.m 
0. 03 
0.47 

Tempera- 
tures. 

e F. 
12.0 
8. li 
5. I 
1.9 - 1.5 

- 4.9 - 8.3 
-11.7 - 15.2 - 18. G 

-24.7 
-44.5 
-57.5 
-88.6 
-72.4 

-6R. X 
-62.7 
-543.8 
-52.4 
-43.1 

-37.5 
-35.9 
-31.9 
-29.6 
-43.4 

Fall. 

74.8 
70.0 
05.1 
8 . 1  
57.0 
51.5 

52.0 
48. 7 
45.1 
41.7 
38. 1 

31.5 
30.0 

28.2 
19.4 

15.4 
11.5 
1.7 

0.1 

-3.a 
-7.4 

-11.2 
-14.8 
-18.4 

-22.0 
-%. 8 
-29.6 
-33.0 
-30.0 

-42.9 
--Bo. 0 
-04.7 
-67.0 
-ea1 

-65.2 
-57.6 
-49.0 

-40.9 

-39.8 
-39.8 
-41.1 

n.o 

a. 7 

-41.8 

~ a p o r  
prcusures. 
. . 

Inchrr. 
0.024 

.017 

.014 

.012 

0.010 
.009 . 007 
.ooR .m 

0.010 
.004 
.001 
.ma . 0001 

0. ma . 000? 
.o004 .oooo 
.m 

0.0010 
.m . Dolti 
.m20 
.0016 

.om 

0.433 
.382 
. a 7  
.298 
.a05 
. a 7  

0.212 
.185 
.158 
.I% 
.115 

0. olyl 
.081 
.088 
.058 
.M9 

0.041 
.035 
.080 . mr .om 

0.017 
.014 . 012 

.a08 

0. Mn 
.008 
.MI( 
.oo( 
.003 

0. M)2 
.m 
.Mo8 
.Mo8 
.oool 

0. oooz .oom 
. m 7  
0013 

.OM8 

0. 0001 
.a001 
.0001 

. mo 

1)cnsitias. 

.._.___ 

Altitude 
above 
M. 5. L. 

5% 
44.1 
4Li. 7 
45.2 
43.7 
42.2 

40.9 
39. I; 
38.3 
37.0 
35.7 

33. B 
29.0 
22. R 
18.3 
14.4 

11.1 
8.5 
t i  I; 
5.1 
4.0 

3.2 
2.5 
2.1 
1.8 
1.5 

Lba.let1. ff. 
0.03w 

. a 7 7  . (wli5 . ai53 
.w41 

0. 0330 
.aim . am .o-m .mw 

0.0271 . O!m 
.OM4 . 014s 
.Ollli 

0. oogo . 00M 
.00.51 
.mr1 
.00?3 

0.00zj 
.OM0 
.MI17 
.0014 
.0012 

91.3 
89.2 
87.1 
85.0 
82.7 

77.8 
75.6 
73.3 
71.1 
0s. 9 

88.7 
04.8 
02.7 
60.8 
59.0 

57.3 
55.0 
53.9 
52.2 
60.6 

49.0 
47.4 
45.8 
44.2 
42.8 

41.3 
40.0 
38.5 
37.2 
35.9 

33.8 n. 7 
22.0 
17.1 
13.2 

10.3 
7.9 
0.2 
4.8 
3.8 

3.1 
2.5 
1.8 

80. 2 

0. oi37 
.m 
.07m 
.0686 
,0868 
.0048 

0.0018 . OB10 
.0592 
.0574 
.0558 

0.0539 
.0523 
.om3 
. a 9 1  
,0476 

0.0402 
.0449 . a435 
.Ma2 .a 

0. (M98 
.m 
.on0 
.a357 
.0340 

0.0333 
.03p 
.all .oaoo . 0290 

0.0273 
.ozr( 
.0177 
. O l S  
.01m 

0.0083 .am 
.o050 
.m .om 

0.00% 
.OM0 
.0015 

Ftel. 
0 

1Mo auoo 
3Mx) 
4 m  
m 
urn 
iM0 
8ooo 
m 

llM00 

1 loo 
13oM 
13Mo 
l4MD 
15oM) 

l(io00 
17uoD 
ILWM 
I w m  
aoD00 

21000 
22000 
23000 
24000 
25ooo 

28ooo 
2 7 m  
21(000 
29OOO 
30000 

0 
7 
8 
9 

10 

11 
12 
13 
14 
15 

Jlilrs. 

Pressures. 

-. 

Inches. 
30.09 
29.03 
27.96 
26.96 
25.96 
24.90 

24.02 
23.13 
22.25 
21.36 
m. SI 

19.76 
18.98 
1% 27 
17.56 
16. SS 

16.20 
1s. 55 
14.95 
14.a2 
13.70 

13.13 
V.58 
12: oa 
11.50 
11.02 

10.55 
10. os 
9.65 
9. 21 
8. 82 

a. 18 
6.38 
5.03 
3.93 a. 03 

2.36 
1.81 
1.42 

0. 87 
1. in 

-- 
Tempera- 

tures. 

- . . .. .. . 

F. 
42. w 
38.8 
31.5 
30.6 
28.6 
27.5 

28.6 
25.2 
22.6 
20.1 
17.2 

14.4 
11.7 
8.6 
5.4 
2.3 

-1.5 
-4.9 
-8.7 

-12.5 
-10.2 

-m. a 
-23.8 
-27.4 
-30.8 
-34.2 

-37.7 
-41.1 
-44.3 
-47.2 . -50.1 

-54.0 
-59.0 
-63.0 
-06.1 
-67.7 

-06.0 
-06.1 
-05.2 
-51.1 
-50.4 

Ycar. 

Vupor 
pressures. 

__ . . 
I*clrea. 

0.134 
.1w 
.I13 . 102 . n91 
.IN) 

n. (iii 

. nM . n.16 

. IM? 

. (UM 
(1.033 . 02s . l W  
.U18 
.015 

0. tl11 
.IW.J 
.OR 

.005 

0.004 
.003 . no2 
.002 . 002 

0.001 
.001 
.001 . I101 
.001 

0.0004 . INKM 
.mu? 
.My)2 
.m 

0. ma 
. mz 
.ma 
.OOO2 

.urn 

. i m m  

- 
88.4 
02.8 
59.2 
55.0 
53.1 
50.7 

48.7 
45.5 
42.3 
39.0 
35.8 

32.4 
29.3 
25.9 
22.3 
19.0 

E. 8 
12.2 
8.0 
5.0 
1.4 

-2.2 
-0.0 
-9.8 
-l3.4 
-17.0 

0.415 
.365 
.315 
.276 . 242 
.213 

0.188 
.104 
.141 
.121 
. l M  

0.089 
.070 
.085 
.055 . M0 

0.039 
.W2 
.m7 

.019 

0.010 
.013 .on .am 
.a08 

.om 

Densities. 

-- -. .- . . 

us. I 
v5.4 
92. II 
90.5 
s i .  3 
a. 1 

81.1 
51.3 

i3. I 
70. R 

(3% 5 
w,. 1 
GI. 1 
d2. u 
(io. 0 

5% 1 

54.1 
32.6 
50.8 

49.1 
47.4 
45.7 
44.1 
48.0 

41.1 
39.6 

36.7 
3s. 4 

33.2 
26.2 
20.8 
16.4 
12.7 

9.9 
7.0 
5.9 
4.4 
3. I 

A 

-- l.).a 

1. a 

3a. a 

~- 
93.0 
90.7 
88. 2 
85.7 
113.0 
80.5 

77.9 
75. ti 
73.4 
71.1 
88.9 

88.7 
04.0 
62.5 
Bo. 6 
58.7 

57.0 
55.1 
1 . 4  
51.7 
49.9 

48.3 
40.8 
45.2 
43.7 
42.3 

-_ __ 
~k. ieu .r t :  

0.0793 
.om 
.0750 . 0128 
.0704 . OB79 

0. ow5 
.m2 
.0b12 
am . n572 

0.0553 .om 
.0517 
,0501 
.OW 

0.0469 
.M54 
.m10 
.01% 
.M10 

0.0388 
.0383 
. m 9  .m 
. a 4 4  

0.0332 .mo 
.03m .mBB .mw 

0.0288 
.0212 
.01e8 
.0132 
.01m 

0.m0 
.m 
.m(8 
.m5 .ma 

0.07M) 
.m2 
.M12 
.0892 
.0b70 
.M50 

0.0028 
.0m0 
.m2 
.m14 
.0556 

0.0538 
.0521 
.o!um 
.a489 
.w74 

0.0480 
.M45 
.M31 
.(h17 
.MW . 

0.0390 .om .a 
.(wss 
.W1 
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N ........ 
N N E .  ... 
N E  ...... 
E N E  ..... 
E ........ 
ESE ..... 
S E  ....... 
SSE. ..... s. ........ 
SSW.. ... sw ...... wsw .... w.. ...... 
WNW ... 
NW..  .... 
N N W . .  .. 

TABLE (.--Mean values of ahnospicetic pressures temperatures, vapor 
esswes, and dcna’ties b a d  on sounding batloon observations at 

%rtOmnha, Nebr.: Indianapo!is, Id.; Huron, S. Dak.; and Avalon, 
Cal. (Englbh measures)-Contmued. 

Year. 

m. 
0 

loo0 

rloM) 

?OM) 

Altltude 
8bOVe 

M. s. L. 

mb. 
1014 
800 m m  

m 8 8 9  
615 

5 O o O 5 B B  
B o o 0 4 8 9  

407 

Feet. 
26WJ moo 
28wo 
8MwIo 

6 
I 
8 
9 
10 

11 

13 
14 
15 

11 
18 
1P 
ac 

asooo 

Miled. 

ia 

im 

*A. 
282 

273 
a88 
26!l 
a55 
248 
211 

278 

Pressures. 

kg.1.leu.m. 
1.253 
1.12s 
1.014 
0.806 
0.818 
0.735 
0.858 
0.589 

Ineirs. 
10.82 
10.46 
10.01 
9.59 
9. a0 

8.54 
6. n 
5.31 
4.13 

2.53 
1. 98 
1.57 
1 . 1  
0.98 

0.75 
0.63 
0.65 
0.41 
0.4c 

3. a0 

N . t o E N E .  
E . t o E S E .  
BE. t o S W .  wsw w 
WNW..  ... 
NW ....... 
NNW.. ..... 

...... ......... 

Tempera- 
tures. 

-. - -- 
OF. 

4 0 . 6  
-24.2 
-27.8 
-31.0 
-34. 2 

-39.6 
-54.2 
-61. 8 
-67.0 
-69.7 

-62.3 
-50.4 
-50.1 
-41.6 

-38.6 
-36.4 
-35.1 
-36.8 
-44. a 

-6i.a 

35 %a0 
% 
12 ia 

76 a 
109 51 12 a7 

31 3 5  

94 4 
17 

50 
474 
I 76 1 

298 41 29 80 
337 29 Q 81 
34 35 88 n 

Vapor 
pressures. 

__ __ 
Inrhfs. 

0. uo7 
.OM .m .m 
.m 
0. OM 
.001 
.ooo3 
.ooo2 
.m 

De 

0. m .m .am 6.4 
4.9 :E I 3.7 

3.0 1 2.5 
.0010 2.1 

1.8 
1.6 

% 
40.9 
39.5 
38.1 
36.8 
35.5 

33.1 
27.4 
21.9 
17.3 
13.5 

10. e 
8. o 

itiw. 

Lb8.lCiL. f l .  
0.0330 
.0319 
.0307 
. m 7  
.0%7 

0.m;o 
.m22 
.@177 
.0140 
.Olog 

0.0085 .oo% 
.0052 .mo 
.m 
0.0025 
.m 
.On17 
.MI15 
.MU3 

TABLE Fi.-iUean annual utntosphrie pressures, tent. matures, tInd 
densitice at various heights above staleid in  Enginnd. 

TABLE B.-Meun annuul LnsitiUs, as observed at Mount Weuther, Th.. 
in llic central nnd awstmn lrnited Stutes and in Bq/mtrl. 

I I Central 
and 

western 
United 
States. 

kg./cu.m. 
1.102 
1.m 
0.884 am 
0.723 

0.588 

a m  
a m  

I 
England. 

kg./cu.na. 
1.258 
1.128 
1.014 
0.806 

0.85s 
0.589 

a 818 
a 735 

* Based on few obserpetlons; agures not regarded 88 reliable. 

THE TUBNINQ OF W114DS WITH ALTITUDE. 

By WILLIS RAY GREQO, Meteorologbt in Charge. 

[Dated: Dhlsbm Of Aerol@cnl I~VeStigstltms, Weather Bureau, Feb. 16,1918.1 

Freeair wind conditions, as obsbrved at Mount Weather, 
Va., have been summarized in the Bulletin of the Mount 
Weather Observatory (v. 6, t. 4) and somewhat more 
briefl in “Meteorolo 

Committee for Aeronautics as &port No. 13. The pur- 
pose of-the prtsent paper is to resent some additional 

to those given 111 the sumfnaries mentione8 and whic 
am believed to be of considerable interest and value to 
fbvirtore. 

and 1 eronautics” by Ma’ Wm. 
R. BL, recently pu Y lished b the National Ad.visory 

1 conclmons wkch may be consi i ered as su plementar 

In this summary no free-air observations at altitudes 
less than 1,500 meters have been used. Those from 1,500 
to 2,000 meters have been considered as havin reached 

balloon records also have been ignored, as they were made 
when both surface and upper mnds were variable, owing 
to “flat ma ” conditions (i. e:, no well-developed EIIQH 
or LOW), anlno re@ar or consistent turning of the winds 
was apparent. Finally, on days when more than one 
observation was made, only one has been considered, v- 
cept when the records were obtained under radically dlf- 
ferent conditions (e. g., before and after the passage of 
a LOW). With these exceptions, all free-air observations 
ever made at Mount Weather have been considered, in- 
cluding those in the diurnal series work and in the ‘‘ Inter- 
national” records in 1913-14. These exceptions should 
be borne in mind in connection with Table 1, which gives 
the percentage frequency of winds at the surface from 16 
directions . 

TABLE I.-Pmrmtage fiequeney of sudace m’nd &ni 16 chicetions. 

a height of 2,000 meters. A large number o ? captive 

Dht31m.  Frequency, I-I- 
’ e&. 
1.0 
0.3 
0.4 

0.8 
2 8  
12. e 
7.8 
1.8 
3.3 
2 9  
3.3 
i. 9 

24.1 
2 5  

as 

ai. 6 

The values in this table are sli htJy different from 
of the Mount 

Weather Observatory (repeated in Table 2, p. 44, of Re- 
port No. 13, Meteorolo y and Aeronautics). The latter 

only and includes those in which an altitude o less than 
1,500 meters was reached. Of the observations in the 
summer months to a height of less than 1,500 meters, 
a large proportion were made with a surface wind from 
north-northeast to east. This wind was in nearly all 
cases veiy slidow, and above it there was a layer about 
1 kilometer in depth with little, if. any, wind. At 
hi her levels clouds, if present, usually mdicated a west- 

1,500 meters in hei ht were usually made in a surface 

altitude, thus beating &e h t e s  down. It is probable 
that these winds would show about the same turning 
tendencies as those indicated later for the westerly 
winds. 

those in Table 33, v. 6, part 4, Buletin 91 
table is, however, base d on observations durin 1911-13 B 

ery  f wind. Those observations in winter to less than 

westerly wind whic h ra idl increased in velocity with 

TABLE l.-iUscm hrrnina of wind8 wfUi allitudc. when auclace w i d 8  are of rnodavlN 


